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activating its receptor Notch in the surrounding follicleHand-Me-Downs: Transmitting
cells. The mechanism by which Notch signaling contrib-Anterior-Posterior Asymmetry utes to oocyte localization, however, remained hidden.
Torres et al. used an original and elegant approach tofrom Older to Younger Egg Follicles
solve this problem. Previous work had focused on the
consequences that a disruption of the Notch pathway
has on the follicle that contains the mutant cells. In
contrast, the new work by Torres et al. (2003) analyzes
the structure and polarity of pairs of follicles, in whichIn Drosophila, the initial asymmetries that determine
either an older mutant follicle precedes a younger wild-the embryonic body axes are generated during oogen-
type follicle or vice versa. A follicle with a Delta mutantesis. A report in this issue of Developmental Cell shows
germline or a Notch mutant follicular epithelium has itselfthat a developing follicle conveys its anterior-posterior
always a normally positioned oocyte if the adjacent olderasymmetry to the next younger follicle via a relay
follicle is wild-type. Instead, it is the younger wild-typemechanism that involves the Notch/Delta and the JAK/
follicle that follows the mutant follicle that frequentlySTAT signaling pathways.
has a mislocalized oocyte (Figure 1A). This indicates
that the posterior localization of the oocyte in a follicle
depends on a cue that originates from a neighboringA sequence of interactions between the germline and
follicle. This cue is transmitted unidirectionally from ansomatic follicle cells during Drosophila oogenesis leads
older to a younger follicle (from posterior to anterior), asto the formation of anterior-posterior polarity in the oo-
a wild-type follicle posterior to a mutant follicle developscyte and embryo. A fly ovary is composed of many
normally (Figure 1A).ovarioles, each representing a production line for oo-
At the anterior and posterior poles of each follicle, acytes. An ovariole contains a chain of egg chambers
pair of polar cells is found embedded in the follicular(follicles) of progressive developmental stages that is
epithelium. Stalk cells are anchored to the polar cellscontinuously fed by new follicles emerging from the
forming a bridge connecting two adjacent follicles (Fig-germarium. A follicle is assembled when follicle cells
ure 1A). Polar and stalk cells are believed to representenvelop a germline cyst, which consists of an oocyte
a cell lineage that separates early from other follicle cellsand 15 accompanying nurse cells. The newly formed
(reviewed by Lope´z-Schier, 2003). It had previously beenfollicle separates from the germarium through the forma-
shown that the Notch pathway is required for the forma-tion of a cellular stalk, and moves posteriorly while it
tion of the polar cells (Grammont and Irvine, 2001; Lo-grows and differentiates.
pe´z-Schier and St Johnston, 2001). A follicle with a DeltaWhen a follicle leaves the germarium, the oocyte is
mutant germline or Notch mutant follicular epitheliumalways found at the most posterior position in the germ-
has neither anterior nor posterior polar cells, whereasline cyst. This position plays a key role in generating
the neighboring younger and older wild-type folliclesanterior-posterior polarity in the oocyte itself and in the
have normal sets of polar cells (Torres et al., 2003). Thissurrounding follicular epithelium (Gonzalez-Reyes and
shows that the formation of polar cells in a follicle doesSt Johnston, 1994). The oocyte induces posterior fate in
not depend on a polarizing cue from the neighboringthe adjacent follicle cells by activating the EGF receptor
follicle. More importantly, it indicates that the posteriorpathway. In turn, the posterior follicle cells induce a
polar cells, which abut the oocyte, are not involved inreorganization of the cytoskeleton in the oocyte that
the posterior positioning of the oocyte, as proposedfacilitates the proper localization of anterior-posterior
earlier (Grammont and Irvine, 2002), because the oocytedeterminants (for review, see Nilson and Schu¨pbach,
localizes normally in the mutant follicle that lacks poste-1999). The posterior localization of the oocyte is
rior polar cells.achieved by a cadherin-mediated cell sorting process
When pairs of follicles are analyzed consisting of a(Godt and Tepass, 1998; Gonzalez-Reyes and St John-
mutant and wild-type one, the mutant follicle is usuallyston, 1998). High concentrations of DE-cadherin in the
fused to the following younger follicle but never to theoocyte and posterior follicle cells cause an association
preceding older follicle. This fusion is caused by the lackof oocyte and posterior follicle cells, thus securing pos-
of a stalk that normally separates neighboring follicles. Itterior oocyte localization. The new work by Torres et al.
had previously been demonstrated that polar cells induce(2003) reaches another stepping stone in the quest for
stalk formation through JAK/STAT signaling (McGregor etthe source of anterior-posterior asymmetry by demon-
al., 2002). The unidirectional loss of a stalk as observedstrating that the posterior follicle cells are induced to
by Torres et al. (2003) now shows that it is only theexpress high levels of DE-cadherin through a signaling
anterior polar cells that are required for stalk formation.cascade that originates from the adjacent older follicle.
As the posterior polar cells have been ruled out as theDisruption of the Notch signaling pathway causes a
cue for oocyte positioning, it is tempting to speculatemislocalization of oocytes (Grammont and Irvine, 2002)
that the stalk provides this cue. Supporting this notionand compromises aspects of follicle cell specification
is the finding that loss of JAK/STAT signaling, whichand differentiation (for review, see Lope´z-Schier, 2003).
The Notch ligand Delta signals from the germline cyst does affect the stalk but not the polar cells, also causes
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Figure 1. Anterior-Posterior Asymmetry Is Communicated through a Series of Inductive Events from a Follicle to the Next Younger One in
Drosophila Oogenesis
(A) Follicles consist of a germline cyst and a surrounding follicular epithelium. A younger follicle is shown anterior to a more advanced posterior
follicle. In wild-type, the oocyte has the posterior-most position in each germline cyst. Follicles of consecutive developmental stage are
connected by a stalk that is anchored to pairs of polar cells. If the anterior follicle has a Delta mutant germline it lacks polar cells but its
oocyte localizes properly to the posterior, and the preceding older follicle develops normally. In contrast, if the posterior follicle has a Delta
mutant germline and therefore lacks polar cells, no stalk is extended toward the following younger wild-type follicle, which consequently has
a mislocalized oocyte.
(B) Proposed sequence of inductive events that lead to the correct positioning of the oocyte.
oocyte mislocalization in follicles anterior of a missing as an external force that might originate from the migra-
tion and intercalation of the stalk cells (Torres et al.,stalk. Importantly, the loss of a stalk leads to a loss of
2003).the accumulation of the DE-cadherin-catenin complex
One puzzle is solved but others remain. We still doin posterior follicle cells, which is required for posterior
not understand how the polar/stalk cell lineage developsoocyte positioning. Why is the stalk induced only by
and why these cells are located where they are, namelyanterior polar cells? Interestingly, anterior polar cells
at the anterior and posterior ends of a germline cyst,differentiate earlier than posterior polar cells (Torres et
which allows them to convey polarity information fromal., 2003), making the anterior polar cells available at
an older to a younger follicle. Moreover, we are left withthe right time to induce the stalk. How the unequal timing
the question of how the polarity in the first follicle thatof polar cell differentiation is generated is not clear.
emerges from the germarium is established.These new results give rise to a model in which the
anterior-posterior polarity of a follicle is transmitted to
the next younger follicle via a relay mechanism (Figure Dorothea Godt and Ulrich Tepass
1B). The germline sends a Delta signal to the polar/stalk Department of Zoology
University of Torontocell equivalence group, which induces anterior polar
25 Harbord Streetcells via Notch activation. The anterior polar cells in turn
Toronto, Ontario M5S 3G5induce the formation of a stalk via JAK/STAT signaling.
CanadaThe stalk then triggers the upregulation of DE-cadherin
in the posterior follicle cells of the next younger follicle
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as does ARF-GEP100 (Someya et al., 2001), the humanMyoblasts Fuse When
homolog of Loner.Loner Meets ARF6 Chen et al. (2003) found that the expression of Loner
is temporally and spatially regulated. Expression in-
creases in the mesoderm at the onset of myoblast fusion
and then declines when fusion is complete. Loner is ex-
pressed exclusively in the founder cells and its recruitmentStudies of myoblast fusion in Drosophila have revealed
to sites of cell-cell contact is dependent upon DUF.numerous signaling and structural proteins that regu-
Rescue of the defect in myoblast fusion in loner mutantslate this critical event in muscle development. A paper
is observed with full-length loner, but not with lonerby Chen et al. published in the September 19 issue of
containing a catalytically inactive point mutation in theCell adds ARF6, a GTPase, and one of its guanine
Sec7 domain or with a mutant lacking the PH domainnucleotide exchange factors to this set of players.
required for membrane targeting. The loner phenotype
is recreated in founder cells that express a dominant-Cell-cell fusion occurs among select groups of cells
negative mutant of Drosophila, ARF6T27N, predicted tothroughout development in a variety of contexts includ-
act by sequestering the GEF. This, along with biochemi-ing the fusion of gametes to form a zygote, macrophages
cal data presented, indicates that Loner is acting asto form the osteoclast, and myoblasts to form myotubes
an ARF6 GEF. Significantly, the requirement for ARF6that develop into muscle fibers. Myoblast fusion is the most
activation in myoblast fusion is well conserved, as ex-widely studied of these intercellular fusion processes, and
pression of ARF6T27N in mammalian myoblast culturesgenetic approaches in Drosophila melanogaster have
also inhibits myoblast fusion. Taken together, these find-
been most informative in defining the molecular compo-
ings of Chen et al. (2003) provide new insight into regula-
nents involved. Myoblast fusion is a multistep process
tion of myoblast fusion. In parallel signaling pathways,
whereby myoblast cells undergo successive steps of
DUF can signal through Loner to ARF6 as well as through
differentiation, cell-cell attraction, adhesion, and finally
ANTS and MBC to Rac. It will be important to learn how
fusion. There is compelling evidence in Drosophila for
these two pathways are coordinated and differentially
an asymmetric expression of proteins between the two regulated by DUF.
populations of myoblast cells, founder cells and fusion- What function could ARF6 serve in cell-cell fusion?
competent myoblasts (see Taylor, 2002). Founder cells ARF6 is a member of the ARF family of GTPases and
express the transmembrane protein Dumbfounded functions at the plasma membrane (PM) to regulate
(DUF), which allows them to attract and mediate fusion membrane traffic and the actin cytoskeleton (for review,
with fusion-competent myoblasts. A cytosolic adaptor see Donaldson, 2003). It is expressed in most eukaryotes
protein, Antisocial (ANTS), binds to DUF and is postu- from yeast to man, and the Drosophila homolog
lated to link fusion receptor signaling to the cytoskeleton (ARF51F) is 97% identical to the human protein. In mam-
through the recruitment of Myoblast City (MBC), leading malian cells, ARF6 activity is required for many cortical
to Rac activation. Fusion-competent myoblasts express actin-driven processes including cell spreading, PM ruf-
MBC and Rac but do not express either DUF or ANTS, fling, cell migration, wound healing, and Fc-mediated
suggesting that DUF and ANTS might have special sig- phagocytosis. ARF6 is required for and enhances the
naling roles in founder cells. ability of Rac to remodel actin at the PM; indeed, activa-
During a search for new genes involved in muscle tion of ARF6 leads to increased activation of Rac. ARF6
development in Drosophila, Chen et al. (2003) discov- activation may be necessary to target Rac to sites of
ered that loner, a gene encoding an ARF6 guanine nucle- actin rearrangement. Consistent with this, Chen et al.
otide exchange factor (GEF), is required for myoblast (2003) found that Rac localization to discrete sites along
fusion. This remarkable finding places ARF6, and its founder cell PM was lost and became diffuse in loner
activation by Loner, in myoblast fusion and is the first mutants. Other activities of ARF6, including activation
report identifying an ARF regulatory protein in Drosoph- of phosphatidylinositol 4-phosphate 5-kinase and phos-
ila development. It suggests that two GTPases, ARF6 pholipase D, that influence PM lipid composition and
and Rac, are necessary to coordinate the membrane membrane trafficking could also be involved in mediat-
and cytoskeletal rearrangements necessary for myo- ing the specific changes in the PM that occur during
blast fusion. Loner contains domains typical of the myoblast fusion.
ARNO/cytohesin subgroup of the ARF family GEFs in- ARF6 facilitates endosomal-plasma membrane recy-
cluding the catalytic Sec7, pleckstrin homology (PH), cling and regulated secretion of dense core granules
and coiled-coil domains (Jackson and Casanova, 2000), (see Donaldson, 2003), which may be of significance
for myoblast fusion. A detailed morphologic study ofbut it also contains an IQ motif at the amino terminus
